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Summary 
We have analyzed the genetic basis for T  cell recognition of an endogenous major histocom- 
patibility complex class II-restricted self peptide. Transgenic mice expressing the influenza vi- 
rus PR8 hemagglutinin I-Ed-restricted determinant $1  (HA Tg mice) mediate negative selec- 
tion ofPR8 Sl-specific T cells, but respond to immunization with a virus containing a closely 
related analogue, $1(Kl13).  Sequence analysis of Sl(K113)-specific  T  cell receptors  (TCR) 
from nontransgenic mice revealed a dominant TCR clonotype that cross-reacts  with PR8 $1. 
This clonotype is eliminated by negative selection in HA Tg mice; nonetheless, modified ver- 
sions of this TCR that used altered junctional sequences and a novel VoL/V[3 pairing to evade 
negative selection by the  $1  self peptide  were identified. The remaining S1(K113)-specific 
TCRs from HA Tg mice were highly diverse;  13 of 15 $1 (K113)-specific  TCRs from HA Tg 
mice used unique Vow/V[3 pairings.  Thus, tolerance to PR8 $1 as a selfpeptide does not limit 
the diversity of the T cell response to SI(K113). 
T 
he specificity with which T  cells recognize antigenic 
peptide fragments bound to MHC  class I  or class II 
molecules is  determined by the  cx/[3 heterodimer of the 
TCR, which is generated during thymic maturation of de- 
veloping T  cells through the rearrangement of V, J, and, 
for [3  chains, D  gene segments  (1-3).  The  availability  of 
large numbers ofgermline gene segments, random process- 
ing of  junctional sequences during rearrangement, and pair- 
wise assembly of different ot/[3 chain combinations provide 
the  potential  to  generate  a  vast  diversity of TCRs  with 
unique  sequences  and distinct specificities  (4). However, 
the  peripheral  T  cell  repertoire  is  restricted by  selective 
processes that act on developing thymocytes. Positive  selec- 
tion limits the repertoire to those TCRs capable  of recog- 
nizing self MHC molecules (5-9), while negative selection 
eliminates TCRs with high avidities for selfpeptide-MHC 
complexes  (10,  11). Although recent studies suggest that 
endogenous self peptides  bound to  thymic MHC  mole- 
cules may participate in both of these processes (12-15), lit- 
tle is known about the genetic basis by which TCRs recog- 
nize self peptide-MHC complexes during T  cell repertoire 
formation. 
Current understanding of the genetic basis for T cell rec- 
ognition of peptide-MHC complexes has mostly been de- 
rived from structure/function analyses of peripheral T cells. 
In early studies,  TCRs with the same specificity were often 
found to use one of a few V  gene segment combinations 
containing similar V-(D)-J junctional sequences, suggesting 
an important role for junctional sequences in establishing 
the specificity of the  TCR  (16-18).  Additionally, simple 
compensatory changes in junctional sequences were shown 
to modify the specificity of TCRs for analogues of a pep- 
tide antigen (18-21), indicating that the V-(D)-J junctional 
sequences can determine the specificity of the TCR for the 
peptide  moiety of the  peptide-MHC  complex.  In  other 
cases, however, TCRs directed to the same peptide-MHC 
complex can use diverse combinations of V gene segments 
(22-26),  and different V gene segments can be used to es- 
tablish specificity of TCRs for analogues of a peptide anti- 
gen (21, 27).  It is not understood why T  cell responses  to 
some peptide-MHC  complexes contain limited numbers 
of closely related V  gene segments while others are more 
diverse.  One possibility is that structurally restricted T  cell 
responses  arise when the peripheral T  cell repertoire con- 
tains VoL/V[3 pairs that are uniquely able to recognize par- 
ticular peptide-MHC complex(es), providing a framework 
by which V-(D)q  junctional sequences can determine speci- 
ficity for the  peptide  antigen  (28).  An  alternative model 
suggests  that negative selection of T  cells by endogenous 
self peptides might influence the diversity of responses  to 
antigens that are  close  homologues of self peptides  (29). 
This possibility arose  from studies of T  cell  responses  to 
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(22)  and  Plasmodium  berghei  (23),  which  appeared  to  be 
more diverse than responses to homologues of self antigens 
such as myelin basic protein (30)  and pigeon cytochrome c 
(16,  31,  17).  To  date,  however,  these  models have  been 
difficult to  distinguish,  because  the  endogenous  self pep- 
tides that are present during T  cell repertoire formation and 
the genetic basis by which TCR,  s recognize these peptides 
during repertoire formation remain poorly defined. 
To examine the genetic basis for T  cell recognition of a 
defined  class  II-restricted self peptide,  we  have  analyzed 
transgenic  mice  that  express  the  influenza virus PR8  HA 
I-Ea-restricted determinant  $1  as  a  neo-self peptide  (HA 
Tg  mice).  S1  is  expressed  in  many  tissues  (including the 
thymus) in HA Tg mice and mediates negative selection of 
PP,8 S1--specific T  cells (32). Nonetheless, T  cells that react 
with a closely related analogue of S 1, designated S I(K 113), 
can be isolated from HA Tg mice  (32).  By comparing the 
sequences  of PR.8  $1- and Sl(K113)-specific TCR.s  from 
non-Tg  mice,  we  have  identified a  TCR.  clonotype  that 
dominates both  responses and  cross-reacts with  each  ana- 
logue. This TCI< clonotype is eliminated in HA Tg mice. 
Interestingly, modified versions of the clonotype were iden- 
tified among Sl(K113)-specific TCP, s from  HA Tg mice. 
These results allow evaluation of the genetic basis by which 
a  group  of closely related  TCR.s  recognize  the  neo-self 
PR8 S 1 peptide. In addition, because most of the S 1 (K 113)- 
specific TCP,  s from HA Tg mice use unique Vcx/V[3 pair- 
ings, the results demonstrate that negative selection of PR8 
Sl-reactive T  cells does not limit the diversity of SI(K113)- 
specific TCI<s in HA Tg mice. 
Materials  and Methods 
Mice.  HA Tg mice, which contain the PR8  HA gene cou- 
pled to  the  SV40  early region promoter/enhancer,  have previ- 
ously been described (32). These HA Tg mice were initially gen- 
erated by injection of BALB/cxC57/BI6 zygotes, and had been 
back-crossed to BALB/c mice (obtained from The Jackson Labo- 
ratory, Bar Harbor, ME,  or Charles River Laboratories, Wilm- 
ington, MA) for 8-13 generations before use in the experiments 
described here.  Non-Tg mice were  in most  cases  equivalently 
back-crossed transgene-negative littermates;  in a few cases, BALB/c 
mice that were maintained in our colony were used as transgene- 
negative controls. All mice were housed in microisotator cages in 
The Wistar Institute Animal Facility (Philadelphia, PA). 
Generation of S 1 (K113)-specific  T  Cell Hybridomas,  The gener- 
ation of S1(K113)-specific hybridomas has  been  previously de- 
scribed (32).  Briefly, mice were primed by immunization or in- 
fection with A/Swine/31 (SW) influenza virus. SW is an influenza 
virus strain that contains lysine at HA amino acid 113  (as in the 
$1  analogue peptide $1[Kl13]) as well as an additional substitu- 
tion relative to PR8 at the boundary of the $1  determinant (Thr 
IAbbreviations used in this paper: GST, glutathione S-transferase; HA, he- 
magglutinin;  HA  Tg,  transgenic mice  that  express PR_8 HA  I-E  d- 
restricted determinant  $1  as a neo-self peptide;  LNC, LN cell; SW, 
A/Swine/31. 
for Glu at amino acid 120).  7-10 d after priming (either by sub- 
cutaneous injection of purifed virus in CFA or by intranasal in- 
fection), draining LN ceils (LNC) were isolated and restimulated 
in vitro for 3 d with a glutathione S-transferase (GST) fusion pro- 
tein (33)  containing the $1(Kll3)  determinant, GST-SI(Kt/3). 
This protocol was adopted to induce a T cell response to the in- 
tact virus and then selectively activate S1(K113)-specific T  cells 
for fusion with (c~-/]~-) BW5147  (34).  In some experiments the 
protocol was  reversed; i.e.,  mice  were  immunized with  GST- 
$1(Kl13) and then stimulated in vitro with SW virus before fu- 
sion. Antigen-specific hybridomas were identified by their ability 
to secrete IL-3 in response to SW virus, GST-S1 (Kl13), and an 
$1(Kl13)  synthetic peptide (32),  but not to GST alone or to a 
negative control virus (11) that lacks an $1  determinant (35).  In 
the hybridoma designation, S indicates an Sl(K113)-specific hy- 
bridoma. A numerical prefix is used to indicate the individual HA 
Tg or non-Tg donor mouse, and the numerical suffix indicates 
the individual hybridoma clone; for example, hybridoma $520-8 
was obtained from mouse number 520. B indicates a BALB/c do- 
nor mouse. All Sl(Kl13)-specific hybridomas were found to be 
I-E  d restricted, based on their ability to react with S1 (K113)  pre- 
sented by I-E  a- but not I-Ad-transfected L cells (32). The major- 
ity of the PR8 Sl-specific hybridomas have previously been de- 
scribed (22). 
Sequence Analysis.  Sequence analysis of TCR-o~ and -13 chains 
was  performed  using  V  region  family- and  C  region-specific 
primers to amplify V regions in the PCR (23,  36).  Roughly 1  if' 
hybridoma cells were washed with 1 ml ofNTE (0A M NaC1,  10 
mM Tris-HC1, pH 7.5,  1 mM EDTA) at 4~  and then lysed for 
5 rain on ice in 200  btl of cold NTE plus 0.5%  NP-40,  Nuclei 
were pelleted, and supernatants were added to 200  p.l of 0.3 M 
NaCI, 0.2  M  Tris-HC1, pH 8.0,  25  mM EDTA,  2%  SDS, and 
400 I~g/ml proteinase K, and samples were incubated at 37~  for 
1 h. RNA samples were extracted with phenol:chloroform, were 
ethanol precipitated, and were redissolved in  10 mM Tris-HC1, 
pH 8.0, 0.1 mM EDTA. C region-specific primers C0r  (5'-dGG- 
TGCTGTCCTGAGACCG-3') and C132 (5'-dCTCTGCTTTT- 
GATGGCTC-3') were used to prime cDNA synthesis from ali- 
quots (roughly 1  /10 of the total sample) using reverse transcriptase 
in 100-~1  volumes under standard conditions (37). After incuba- 
tion, reaction mixtures were boiled, and aliquots (2 ILl) were sub- 
jected to 35  cycles of amplification in the PCR  under standard 
conditions  (36)  using  either  Cod  (5'd-ATCTTTTAACTG- 
GTACAC-3')  or  C131  (5'-dCAAGGAGACCTTGGGTGG-3') 
and the V0t and V13 family-specific primers described (23), plus a 
Vc115-specific  primer  (5'-dTGTGGACAGAAAACAGAGCC- 
3') (38). Amplified products were fractionated by electrophoresis 
on  a  1.5%  agarose gel, purified using GeneClean  II  (BIO  I(31, 
Inc., Vista, CA), and directly sequenced using Ceil or C~31 as de- 
scribed  (22).  Nonproductive  TCR-ix  and  -[3  transcripts  of 
BW5147 fusion partner origin (an aberrant cl chain transcript [34] 
and  an  out-of-frame  V135 rearrangement)  were  routinely  de- 
tected. In hybridoma SB3-5, the two Vctl0 transcripts were sepa- 
rated by size fractionation of fullqength cDNA copies of the Vo~ 
regions on a 6% polyacrylamide gel. These products were eluted 
from  gel slices,  reamplified for  10  additional PCR  cycles, and 
then sequenced separately. Most of the hybridomas containing m- 
frame  Vc~4, -8,  or  -10  gene  segnmnts  were  subsequently  se- 
quenced using Vc~ family-specific 5'-proximal prmaers--Vcx4L-V 
(5'd-CCAA[T/C]TC[A/C]GTGACTCA-3'),  Vc~8L-V  (5'd- 
CCCGAAGGAGCAATGG-3'), and Vcx10L-V  (5'd-TGAAAG 
[G/A]ACAGCAAGTG[G/C]AGCAG-3')--to &fferentiate  be- 
tween individual gene family members. 
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Non-Tg and HA Tg mice were immunized at the base of the tail 
with 2,000  hemagglutinating  U  of PR8,  RV6,  or SW virus in 
50% CFA. After 7 d, total LNC RNA was isolated from the in- 
guinal  and lumbar LNs using guanidinium  isothiocyanate/CsCl 
centrifugation  (37). The RNA was used as a template for reverse 
transcription primed by the C[32 primer, and the resulting cDNA 
was amplified in the PCR for 35 cycles under standard conditions 
(36). Amplification was directed by the primer V[38.3-PCR (5'd- 
ACGCAAGAAGACTTCTTCCTCCTGC-3')  (23) and  by  a 
5'-32p-end-labeled primer J[31.3/Gly-Ala-Gly (5'd-TAGAGC- 
GTATTTCCCGCCCC-3'), which is complementary to the [3 
chain junctional  sequences  of hybridomas  SB3-5  and SB5-534, 
and which shows good homology to most of the V[38.3/J[31.3 re- 
arrangements  (see Fig. 2 A). cDNA from hybridoma SB3-5 was 
also amplified using the same primers to identify the length of the 
characteristic V[38.3/Gly-Ala-Gly/J[31.3  rearrangements.  Ampli- 
fied  products  were  separated  on  a  6% polyacrylamide  gel  and 
quantified by autoradiography. Samples containing roughly equiv- 
alent amounts  of 32p-labeled reaction  products  were again frac- 
tionated on a 6% polyacrylamide gel. These samples were analyzed 
using  a Phosphorlmager SF  and  ImageQuant software  (version 
3.3; Molecular Dynamics, Inc., Sunnyvale, CA), to quantitate the 
amount of radioactivity present in V[38.3/Gly-Ala-Gly/J[31.3  re- 
arrangements of different lengths. 
Results  and Discussion 
Specificity of S 1-specific TCRs from Non- Tg and HA  Tg 
Mice.  $1  is the major I-E&restricted CD4 + T  cell deter- 
minant  recognized  by BALB/c  mice  in  response  to  the 
PR8 HA (39).  All PR8 Sl-specific T  cells isolated to date 
can  react  with  a  synthetic  PR8  $1  peptide  (SFERFEIF- 
PKE) corresponding to residues 110-120 of the PR8 HA1 
polypeptide;  the  majority  can  also  react  with  a  synthetic 
peptide comprising amino acids  111-119  (40-43).  In pre- 
vious studies analyzing the reactivity of Sl-specific TCRs 
with  analogue  peptides,  two-thirds  of  PR8  Sl-specific 
TCRs from BALB/c mice were found to cross-react with 
an  analogue  peptide  $1(Kl13)  containing  an  Arg  to  Lys 
substitution at residue 113 (SFEKFEIFPKE); the remaining 
third of the PR8 Sl-specific TCRs displayed undetectable 
reactivity with $1(Kl13)  (43).  We recently generated cor- 
responding panels of Sl(K113)-specific T  cell hybridomas 
in  non-Tg mice  and  in  HA Tg mice  expressing  an  HA 
polypeptide  under  the  control  of the  SV40  early  region 
promoter/enhancer (32).  When analyzed for their reactiv- 
ity with  PR8  $1,  11/16  of the  Sl(K113)-specific  TCRs 
from non-Tg mice were found to cross-react with the PR8 
$1  determinant, one reacted with roughly 1,000-fold more 
PR8 S 1 than S 1(K113),  and the remaining 4/16 displayed 
no detectable reactivity with  PR8  $1.  Thus,  the  majority 
(roughly  two-thirds)  of PR8  $1-  and  S1(K113)-specific 
TCRs  from  BALB/c  background  mice  cross-react  with 
l~oth  determinants,  and  in  each  case  a  minority  (roughly 
one-third)  reacts  only with  the  immunizing  determinant. 
By contrast, none of the  15 SI(K113)-specific TCRs from 
HA Tg mice displayed substantial cross-reactivity with PR8 
$1, which is a neo-self peptide in HA Tg mice. Only two 
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of the  S1(K113)-specific  T  cell hybridomas displayed any 
detectable reactivity with PR8 $1, delivering partial signals 
in response to high concentrations of PR8 virus (32). Thus, 
the specificity of the T  cell response to $1(Kl13) is altered 
by negative  selection  of T  cells  that  can  cross-react with 
PR8 $1,  a finding which is consistent with the expression 
of HA in  many tissues  (including  the  thymus)  in HA Tg 
mice. 
A  Dominant  TCR Gene Segment Combination Is Induced in 
Non-Tg Mice in Response to S I (K113) and PR8 $1.  To ex- 
amine the genetic basis for the generation ofSl(K113)-spe- 
cific  TCRs,  the  hybridomas  were  analyzed  for  the  se- 
quences  of their  TCR-ci  and  -[3  chain  V  and J  regions. 
Two productive oe chain sequences were isolated from 4 of 
the  31  S1(K113)-specific  hybridomas,  because  of incom- 
plete allelic  exclusion at the TCR-oL locus (23,  44,  45).  In 
all  cases,  only a  single productive  [3  chain  rearrangement 
was isolated. The Voe and VI3 gene segments were assigned 
to families based on homology with previously published 
sequences  (2).  In the  case  of members of the  Votl,  Vcl4, 
Voe8, and Voel0 gene families (which comprise the major- 
ity of the Vot gene segments used by the hybridomas), the 
Vet gene segments were further divided and given arbitrary 
subfamily designations  (e.g., Vot4.1, Voe4.2,  etc.) based on 
amino acid  differences that are likely to  represent distinct 
germline gene segments. Within  these families, individual 
gene segments could differ by as few as two amino acid dif- 
ferences (such as Voe4.1 and Voe4.3) or as many as 28 amino 
acid differences (such as Vot4.1 and Voe4.6) (data not shown). 
The TCR V and J gene segments and the 0t and 13 chain 
junctional  amino  acid sequences  of the  16  Sl(K113)-spe- 
cific T  cell hybridomas from non-Tg mice are shown  in 
Table 1, along with 13 PR8 Sl-specific TCRs from BALB/c 
mice (22).  The antigen used to induce  each hybridoma is 
shown, and the hybridomas are grouped according to their 
ability to  react with  the  PR8  $1  and  S1(Kl13)  determi- 
nants.  Many  different  Voe  and  V[3  gene  segments  were 
found to be used in unique combinations among these S1- 
specific TCRs.  6  V[3  and  14  Vet  gene  segments  (derived 
from six different Voe gene families) are represented. Like- 
wise,  17 Joe and  9 JI3  gene  segments were  used,  and  the 
amino acid sequences of the associated ot and [3 chain J  re- 
gions were correspondingly diverse. 
Despite this overall diversity, more than half (11/21)  of 
the TCRs that cross-react with both PR8 $1 and SI(K113) 
expressed either Voel0.1  or  10.2  (which  differ from each 
other by only two amino acid substitutions at residues oe43 
and oe82 in the numbering system of Chothia et al.;  46) in 
association with Joe47, V[38.3,  and J[31.3.  This set includes 
one TCR  (MBI-1)  that  used  a VoU0/Jot47-V[38.3/J[32.4 
combination,  the  [3  chain of which  was processed during 
recombination to encode the same junctional amino acids 
as  the  J[31.3  gene  segment.  Two  other  TCRs  used  a 
Voe10.1-V[38.3/J[31.3  combination  but  used  different Jot 
gene segments. The dominance of the Voe10/Joe47-V[38.3/ 
JI31.3 combination in the response of non-Tg mice to the 
$1  analogues is emphasized in the case ofhybridomas gen- 
erated from mice $533  and $629,  in which  two  different Table  1.  TCRs Used by Sl-specific Hybridomas fiom Non-Tg Mice 
Hybridoma  Induced by  Vo~  ot Junctions  JoL  V~  [3 Junctions  J[3 
Cross-reactive hybridomas* 
SB3-5  S1  (K113) 
SB5-534  S1  (Kl13) 
S520-8  S1  (Kl13) 
S533-1  S1  (Kl13) 
$533-6  $1  (Kl13) 
$629-17'  $1  (Kl13) 
$629-52  $1  (Kl13) 
P1D3A6  PR8 $1 
LD1  PR8 $1 
1E10  PR8 $1 
MBI-1  PR8 $1 
7/6AH1  PR8 $1 
$533-30'  S1  (K113) 
SB2-28  S1  (Kl13) 
MTI-14  PR8 $1 
MT1-27  PR8 $1 
$520-2'  $1  (Kl13) 
$533-10  $1  (Kl13) 
MT1-33  PR8 $1 
MT1-7  PR8 S1 
2Bll  PR8 S1 
$1  (Kl13) specific* 
S519-12*  S1  (Kl13) 
SB1-2  Sl  (Kl13) 
S519-5*  S1  (Kl13) 
$519-6'  $1  (Kl13) 
SB1-18'  SI  (Kl13) 
~...,10.1  CAMDQGGSAKL...IF  48 
8.3 
10.2  CAMEATGGNNKL..TF  47 
10.2  CAMEHTGGNNKL..TF  47  8.3 
10.2  CAMEPTGGNNKL..TF  47  8.3 
10.2  CAMELTGGNNKL..TF  47  8.3 
10.2  CAMEFTGGNNKL..TF  47  8.3 
10.2  CAMEATGGNNKL..TF  47  8.3 
10.1  CAMEATGGNNKL..TF  47  8.3 
10.2  CAMEATGGNNKL..TF  47  8.3 
3  CAVSMDGNEKI...TF  40  8.3 
10.2  CAMEPTGGNNKL..TF  47 
10.1  CAMAATGGNNKL..TF  47  8.3 
10.2  CAMERTGGNNKL..TF  47  8.3 
10.1  CAMGVSGSFNKL..TF  4  8.3 
10.1  CAITSSGQKL  .... VF  13  8.3 
4.2  CVLRGADRL .....  TF  37  1 
4.1  CALSDQRGKL  .... IF  18  4 
4.1  CALRSNYQL ..... IW  26  10 
8.2  CALRRGAGNKL...TF  14  10 
8.3  CALRNYGNEKI...TF  40  8.3 
8.1  CALRNTGGADRL..TF  37  4 
8.4  CALSDKTGANTGKLTF  44  83 
P14  CATETGNTRKH...IF  30  8.3 
CASSVGAGNTL...YF 
CASSKGAGNTL  ..YF 
CASSVGAGNTL  .YF 
CASSLGAGNTL  .YF 
CASSVGAGNTL  .YF 
CASSVGAGNTL  .YF 
CASSLGAGNTL  .YF 
CASSAGAGNTL  .YF 
CASSVGSGNTL...YF 
CASSVGSGNTL...YF 
CASAMGAGNTL...YF 
CASSQGAGNTL...YF 
CASSVGEGNTL...YF 
CASSQGTGGARAEQFF 
CASSPKTRQNTL..YF 
CASSYRTPPYAEQ.FF 
CASSYRTGGQDTQ.YF 
CASSDGGRGGEQ..YF 
CANSKRANERL...FF 
CASSVRDRGPEQ..YF 
CASRRQGPSQNTL.YF 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
2.4 
1.3 
1.3 
2.l 
2.4 
2.1 
2.5 
2.7 
1.4 
2.6 
2.4 
4.1  CALSPGGNYKP...TF  6  10  CASRLGGHAEQ...FF  2.1 
4.3  CALGATGGADRL..TF  37  4  CASSQAGQGTERL.FF  1.4 
4.4  CAMRDGGGSGNKL.IF  25  4  CASSPRQGGYAEQ.FF  2.1 
4.?  CALSDNSGTYQ...RF  11  8.3  CASSRLGGRGAEQ.FF  2.1 
8.1  CALRQNNNAGAKL.TF  32  4  CASSQGNSPL  .... YF  1.6 
PR8 $1 specific* 
LD3  PR8 $1  2  CAARSTGFASAL.. TF  28  8.3  CAASPTGNTDY... TF  1.2 
MT1-6  PR8 $1  4.5  CALSDRGTNTGKL.  TF  21  2  CSAGTGGATNTL.. YF  2.4 
V2.1  PR8 $1  4.5  CALSGGNNKL  ....  TF  47  8.2  CASGGGRGSYAEQ. FF  2.1 
V andJ gene segments were assigned to families based on homology with previously described sequences (2, 38, 53, 54), with members of the Vcd, 
-4,-8, and -10 gene families assigned arbitrary subfamily designations (e.g., Vct 10.1 and Vc~ 10.2) based on differences in their deduced amino acid se- 
quences. In the case ofc~ chains, between 20 and 85 amino acid residues NH 2 terminal to the conserved Cys at cx90 were determined; for [3 chains, 
20-40 amino acid residues  NH 2 terminal to the conserved Cys at [392 were determined. The analogue used for the generation of each hybridoma 
(either SI[K113] or PR8 $1) is indicated. Although two productive cx chain rearrangements were detected in hybridomas SB3-5 and LD1, the sin> 
ilarity of their Ve~10/J~x47 rearrangements to those of other Sl-specific hybridomas suggests that these ca chains were used to generate specificity  for 
$1. The TCR sequences of the majority of PR8 S 1-induced hybridomas have been described (22). The [3 chain junctions of hybridomas 7/6AH1 
and MT1-7 contain corrections of the previously published sequences, and the LD1  VoH0/Ja47 c~ chain is a previously unreported second a  chain 
rearrangement from this hybridoma. The nucleotide and amino acid sequences of these hybridoma TCRs, along with those presented in Table 2, 
are available from EMBL/GenBank/DDBJ under accession  numbers U21393-U21456, U21477-U21481, and M34194-M34219. 
* Hybridomas were designated as cross-reactive if the concentrations of SW and PR8 virus and/or S I(K113) and PR8 S 1 synthetic peptides required 
to induce half-maximal responses differed by <50-fold. If the half-maximal concentrations differed by >50-fold, hybridomas were designated as ei- 
ther SI(K113)- or PR8 Sl-specific (32, 43). 
*In addition to the reported c~ chain, a nonproductive c~ chain rearrangement was also detected from each of these hybridomas (data not shown), al- 
lowing unambiguous assignment of the c~ chain used to generate antigen specificity. 
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from each mouse. 
The  ot  and  [3  chain junctional sequences  of the V~xl0/ 
Jot47-V[38.3/J[31.3  TCRs  were  all of identical length and 
contained similar sequences (Fig. 1 A). The majority of the 
ot chains varied at a  single amino acid residue (amino acid 
oO4),  which  was  occupied  by  six  different  amino  acids 
(Ala, Arg, His, Leu, Phe, and Pro) among the 11  examples 
of Vod0/Jot47  ot  chains.  Likewise, the  [3  chain junctional 
sequences  varied  primarily  at  a  single  position  (residue 
[396),  which could be occupied by six different amino acids 
(Ala,  Gin,  Leu,  Lys,  Met,  and  Val).  Most  of the  13  chain 
junctional sequences contained a Gly-Ala-Gly motif at res- 
idues 1397-99 that was generated by a variety of unique re- 
combination events and nontemplated nucleotide additions 
involving the V[38.3,  D[31,  and J[31.3  gene segments (Fig. 
1  A).  Two  TCR-13  chains  (from  hybridomas  LD1  and 
1E10)  expressed the sequence Gly-Ser-Gly at residues [397 
to 1399, where the Ser at [398 can be encoded by the germ- 
line J[31.3 gene segment. As noted above, in one instance a 
different gene  segment  (1132.4) was  processed to  replace a 
germline-encoded Gln residue with the Gly residue at 1399 
that  is  contained  in  the  germline  sequence  of the J[31.3 
gene segment. 
The  selection of vodo/jot47-v138.3/j131.3  TCRs  con- 
taining  a  conserved junctional  sequence  strongly suggests 
that  this  Gly-Ala-Gly motif  is  important  in  generating 
specificity for the  Sl(K113)-I-E  a and  PR8  SI-I-E  a  com- 
plexes.  To  examine  this  directly, non-Tg  mice  were  ira- 
munized  with  $1  analogue  viruses,  and  LNC  were  ana- 
lyzed for the  induction  of TCR-[3  chains  containing  the 
Gly-Ala-Gly motif. LNC RNA  was amplified in the PCR 
using primers specific for Vl38.3, and for the Gly-Ala-Gly/ 
J131.3  junctional  sequence  from  hybridomas  S03-5  and 
S05-534.  The  Gly-Ala-Gly/J131.3 primer shows good ho- 
mology  to  a  consensus  sequence  derived  by  aligning  all 
V[38.3/J131.3  [3 chain sequences isolated from non-Tg mice 
(Fig. 2  A). PCR  products amplified from LNC  of a naive 
mouse and a PR8-immunized BALB/c mouse were sepa- 
rated according to size (Fig. 2  B); in each case multiple re- 
action products were detected, and in-frame [3 chain rear- 
rangements were detected at a three-base interval (47, 48). 
These  major reaction products  were  amplified in  roughly 
equal proportions from  LNC  of a  naive BALB/c  mouse. 
By contrast, LNC from a BALB/c mouse immunized with 
PR8  virus gave  rise to  two-  to  threefold higher levels of 
the  reaction  product  corresponding  to  the  characteristic 
VI38.3/Gly-Ala-Gly/J131.3 rearrangement  (peak 3)  (Fig. 2 
C). A  similar induction of peak 3 reaction products was ob- 
served after immunization  with  SW virus,  containing the 
SI(K113) substitution (data not shown). As a negative con- 
trol, additional mice were immunized with the virus RV6, 
which is a variant of PR8 that contains a Glu to Lys substi- 
tution  in  $l  at position  115  (SFERF_KIFPKE). The  RV6 
$1  determinant is presented by I-E  a but induces T  cells that 
are  non-cross-reactive with  PR8  $1  (49).  Non-Tg  mice 
immunized with RV6 displayed no induction of peak 3 re- 
action products,  resembling naive mice  (Fig.  2  D).  Thus, 
A 
V  N  J 
H_ybrldoma  U=  90  J= 
C  R  fl  E  R  T  6  6  H  N  K 
$03-5'  10.2 tgtgctatgga  ggctactggaggcaataataa  0 4? 
C  A  11  E  H  T  0  0  N  N  K 
$05-534  10.2 totgctatggaa  c  ao  aotggaggoaatoataag 47 
C  R  M  E  P  T  G  0  H  N  K 
S520-8  10.2 tgtgctatggaac  ca  actggaggcaataataag 47 
C  R  M  E  L  T  0  0  N  H  K 
S533-I  10,2  47  tgtgct  at  09aac  t  tactggaggcaataatoag 
C  fl  M  E  F  T  G  G  N  H  K  $533-6  10,2  47  tgtgetatggaa  tt  tactggaggcaataataag 
C  A  M  E  R  T  G  0  H  N  K 
$629-171  I0,2 tgtgctatgga  ggctactgoaggcoataataag 47 
C  A  M  E  R  T  G  G  N  N  K 
5629-52  10.1  tgtgctatgga  ggctoctggaggcaataataag 47 
C  A  M  E  A  T  0  G  H  N  K  PID3R6  10.2  47  tgtgctatgga  ggctactggaggcaataataag 
C  A  I1  E  P  T  G  0  N  H  K 
LDI*  10.2  47  tgtgctat  ggoac  ctactggaggcaataataag 
C  R  M  R  A  T  G  0  N  N  K 
1E10  10.1  47  tgtgctat gg  ￿9  ggctactggaggcaataat aag 
C  R  M  E  g  T  G  6  N  N  K  MBI-I  10,2  4?  t  gt  gctatggaac  ga  octggaggcaataataag 
C  A  M  0  U  S  G  S  F  N  K 
7/6RHI  I0.  I tgtgctatgg  9tg  tatctggtogcttcaataag  4 
C  R  I  T  S  S  G  Q  K 
$533-301  10.1  tgtgctat  aacttcoagtggccagaog  13 
B 
C  R  L  R  I  Y  G  N  E  K  I  T 
$590-201  0,3 tgtgctttgagg  at  ctatggaaatgagoaaata 40 
C  A  L  R  V  Y  G  N  E  K  I  T 
S322-427t  8.3 tgtgctttgagg  gt  ctatggaaatgagaaaata 40 
V  D+N  J 
92 
I 
CRSS  UGA  GflTL 
0.3  tgtgccagcag  cotggggocg  ggaaatacgctc 
CASS  KGA  GHTL 
8,3  tgtgccogcagt  aaoggggcg  ggaaotacgctc 
CASS  VOfl  6NTL 
8,3 tgtgccagcagtg  tggoggca  ggaaatar 
CRSS  LOft  GNTL  8,3  tgtgccagcagt  ctgggggc  tggaaataogctc 
CASS  VOA  GNTL 
8.3 tgtgccagcagtg  tgggogc  tggaaatacgctc 
CASS  VGA  GNTL 
0.3 tgtgccagcagtg  ta_~.~.~qg  ctggaaatacgctc 
CRSS  LGA  GNTL 
0,3  tgtgcoagcagt  ctgggggc  tggaaatacgctc 
CRSS  ROfl  GNTL 
8.3  tgtgocagcagtg  coggag  r162 
CASS  VO  SGNTL 
8.3  tgtgccagcagtg  t~  ttctggoaatacgctc 
CASS  UO  SGNTL  8.3  tgtgccagcagtg  t~  ttctggaaatacgctc 
CAS  flMGAG  NTL  8,3  tgtgccagc  gctatgggtocggg  aaacaccttg 
CRSS  OGA  GNTL 
8,3  tgtgccagcagt  cagggag  ctggaaotacgctc 
CRSS  UGE  GNTL 
8,3  tgtgccagcagtg  ttggggag  ggaaatacgctc 
C  R  S  S  0  G  G  R  G  N  T  L  8.3  tgtgccagcagtg  gcsgggggg  ctggaaatacgctc 
C  A  S  S  G  6  0  S  G  N  T  L 
8.3  totgr  gaggggg  ttctggaaatacg￿9162 
[su3￿89 
1.3  1.07 
1.3  5.33 
1.3  0.93 
1.3  0.00 
1.3  0.88 
1.3  0.98 
1.3  1.67 
1.3  1,00 
1.3  R.O. $ 
1,3  1,33 
2.4  1.43 
1.3  0.65 
1.3  0.13 
1.3  <0.001 
1.3  (0,001 
Figure  1.  TCR-ix and -[3 junc- 
tional sequences of structurally re- 
lated TCRs.  The  nucleotide and 
deduced amino acid sequences of 
the V/J junctions  of selected hy- 
bridomas  from  non-Tg  (A)  and 
HA Tg mice (B) are shown. Nu- 
cleotides likely to have been con- 
tributed by the V and J gene seg- 
ments,  and  by  nontemplated 
residues (N), are indicated. For [3 
chains,  nucleotides  homologous 
to the D[31 gene segment are un- 
derlined. The [3 chain  junction of 
hybridoma MBI-1 is likely to have 
used the D132 gene segment rather 
than  D[31. V(x, VI3, fix,  and J[3 
gene  segment assignments were 
made as described in Tables 1 and 
2.  Amino  acid residues are num- 
bered according to Chothia  et al. 
(46), with the conserved Cys resi- 
dues present near the 3' end of the 
V segments assigned as residue 90 
or 92 for ot and [3 chains, respec- 
tively. The reactivity of hybrido- 
mas for SW and PR8 viruses was 
previously determined  (32) and is 
indicated as the ratio of the doses 
of SW and PR8 virus that induce 
half-maximal  stimulation. A value of 1.00 indicates that a hybridoma reacts equally with both viruses; a value of > 1.00 indicates that a hybridoma is more 
reactive to PR8 virus; and a value of <1.00 indicates that a hybridoma is more reactive to SW virus. *These hybridomas also contained a second in- 
frame ee chain rearrangement. ~In addition to the reported c( chain, a nonproductive c( chain rearrangement was also detected in each of these hybrido- 
mas. w  determined. 
1331  Cerasoli et al. Figure 2.  Analysis  ofV[g8.3/Gly-Ala-Gly/JI31.3  TCRs 
from LNC. The primer J~l.3/Gly-Ala-Gly was designed 
to hybridize to the SB3-5 and SB5-534 13 chain junc- 
tions, and it shows good homology with a consensus nu- 
cleotide sequence of all the V[38.3/J~1.3 rearrangements 
isolated from non-Tg mice (A). The  consensus anfino 
acid sequence of these 13 chain junctions is also shown, 
with X  representing the  variable amino acid position 
1396. LNC RNA was reverse transcribed into cDNA and 
amplified in  the  PCR  using a V~8.3-specific primer 
along with JI31.3/Gly-Ala-Gly  (see Materials and Meth- 
ods). In B, the PCR products from a naive mouse and a 
PR8 virus-immunized BALB/c mouse are shown. The 
predominant bands (labeled peaks 1-3) correspond to 
productive [3 chain rearrangements; peak 3 corresponds 
in length to  the  [3 chain rearrangement of hybridoma 
SB3-5 (data not shown). Samples were analyzed using a 
Phosphorlmager, and the relative intensities of peaks 1, 
2, and 3 were compared. Results are shown as counts per 
minute per square millimeter (cpm/mm  2) and represent 
average intensities from four PR8-immunized non-Tg 
mice (C), three RV6-immunized non-Tg mice (D), and 
two PRS-imnmnized HA Tg mice (/7:].  Error bars in C-E 
show SEM. 
TCR-[3  chains that use  the  characteristic  V[38.3/Gly-Ala- 
Gly/J[31.3 rearrangement were induced in LNC from non- 
Tg  mice  in  response  to  immunization  with  PR8  $1  and 
S1(Kl13). 
The predominant  expression of TCRs using the Vod0/ 
Jot47-V[38.3/J[31.3 combination in non-Tg mice is striking 
since  all  other  TCRs,  either  cross-reactive  or PR8  $1  or 
$1(Kl13)  specific,  used  unique  combinations  of TCR  V 
and/or  J  gene  segments.  The  bias  toward  Vot10/Jot47- 
V[38.3/J[31.3 expression could reflect overexpression of this 
gene  segment  combination  in  the  preimmune  repertoire. 
For example, preferential  recombination of these gene seg- 
ments  or  prior  expansion  in  response  to  a  cross-reactive 
foreign  (or  perhaps  self)  antigen  could  increase  the  fre- 
quency of T  cells  expressing these TCRs.  However, analy- 
sis of LNC from naive mice did not provide evidence that 
TCR-[3 chains corresponding in length to V[38.3/Gly-Ala- 
Gly/J[31.3 rearrangement were already expanded relative to 
other TCR-[3  chains  (Fig.  2  B).  Alternatively,  the Votl0/ 
Jot47-V[38.3/J[31.3  combination might be particularly well 
suited to generating PR8 $1- and S1(K113)-speciflc TCRs. 
Although  TCRs  that  can  react  only  with  PR8  $1  or 
$1(Kl13)  are  present  in  the  T  cell  repertoire  of non-Tg 
mice, Vot10/Je~47-V[38.3/J[31.3 TCRs that cross-react with 
both  analogues were  repetitively isolated in  each response 
and  contained  similar junctional  sequences  that  included 
the  non-germline-encoded  Gly-Ala-Gly motif in  their  13 
chain junction.  These  TCRs  contained  variation  at  indi- 
vidual amino acid residues in the ot chain (residue ot94)  and 
[3  chain  (residue  [396) junctions,  which  could modify the 
relative reactivity of these TCRs for PR8 $1 and SI(K113) 
up to tenfold (e.g.,  hybridomas $533-1  and $533-6; Fig.  1 
A). In most cases,  however, differences in the ot94 and [396 
junctional  sequences  (as  well  as  the  use  of Votl0.1  versus 
Votl0.2  gene segments)  had little  effect on the relative  re- 
activity  of these  TCRs  with  the  different  $1  analogues. 
The  overall  homology between  these  TCRs  suggests  that 
they share an intrinsic  reactivity toward both $1  analogues 
and  are  likely to  adopt  a  common orientation  that  allows 
similar interactions with both PR8 SI-I-E  d and SI(K113)- 
I-E  d. By this model, the remaining TCRs, which use diverse 
combinations ofV gene segments, might adopt unique ori- 
entations and confer distinct specificities  (either cross-reactive 
or non-cross-reactive) for the $1  analogues. 
Negative Selection by Neo--self $1 Eliminates the Dominant 
TCR Gene Segment Combination  from HA Tg Mice.  The  ot 
and  13  chain  V  and J  gene  segments  and junctional  se- 
quences  used  by  Sl(Kl13)-specific  TCRs  from  HA  Tg 
mice  are  summarized  in  Table  2.  A  diverse  array  of gene 
segments was again used in many unique  combinations to 
generate  Sl(K113)-specific  TCRs;  12  different  Vot  genes 
from 6  Vot  gene  families,  12 Jots,  7  V[3s,  and  9 J[3s  were 
represented  among the  15 TCRs.  None  of the  S1(K113)- 
specific  TCRs  from  HA  Tg  mice  used  the  Vot10/Jot47- 
V[38.3/J[31.3  combination that dominated the cross-reactive 
TCRs  from  non-Tg  mice,  a  finding  which  is  consistent 
with the negative selection of TCRs that can react with the 
PR8  $1  determinant  (32).  Interestingly,  two TCRs  (from 
hybridomas $598-20 and $322-427) used [3 chains encoded 
by  V[38.3  and  J[31.3  that  included  the  Gly-Ala-Gly  (or 
Gly-Ser-Gly) sequence (Fig.  1 B) identified as being critical 
in  establishing  the  specificity  of Sl-specific  TCRs  from 
non-Tg  mice.  The  V[38.3/Gly-Ala-Gly/J[31.3  TCR-[3 
chains from HA Tg mice,  however,  were one amino acid 
longer than  those from non-Tg mice,  containing two Gly 
residues  in place of the single amino  acid residue  found at 
the variable  position  [396  in TCRs from non-Tg mice.  In 
addition,  in  place  of the  Vot10/Jot47  pairing  repetitively 
identified  among TCRs  from  non-Tg  mice,  the  VI38.3/ 
Gly-Ala-Gly/J[31.3  [3  chains  of  $598-20  and  $322-427 
were  found to be associated with ot chains using the same 
Vot8.3/Jot40  gene  segment  combination,  differing  from 
1332  Genetic Basis for T Cell Recognition of a Neo-Self Peptide Table 2.  TCRs Used by S1(K113)-specific  Hybridomas  from HA Tg Mice 
Hybridoma  Induced by  Va  c~ Junctions  Ja  V[3  [3 Junctions  J[3 
$598-20"  SI(Kll3)  8.3  CALRIYGNEKI... TF  40  8.3 
$322-427"  $1(Kl13)  8.3  CALRVYGNEKI... TF  40  8.3 
$532-28"  $1(Kl13)  8.3  CALRVYGNEKI... TF  40  16 
$106-1"  $1(Kl13)  8.3  CALRAYGNEKI...TF  40  10 
$518-6"  $1(Kl13)  8.2  CALTHGGSGNKL.. IF  25  1 
1.2  CAMRQGGSAKL... IF  48 
$322-507  $1(Kl13)  ~  8.l  CALRTTGGNNKL. .TF  47  8.3 
$630-62  $1(K113)  ~  8.1  CALRATGGNNKL.  . TF  47  8.3 
4.6  CALGDHSGGSNYKLTF  45 
$518-7"  S1 (Kl13)  4.7  CALRRGNNNRI... FF  24  1 
$238-17  $1(Kl13)  4.3  CALDHTGGADRL.. TF  37  1 
$324-228  $1(Kl13)  ~  3  CAAYNAGAKL  ....  TF  32  8.2 
4.3  CALGRGGSNYKL.. TF  45 
$518-12  S1 (K113)  4.2  CVLATS SGQKL... VF  13  10 
$102-26  $1(Kl13)  4.5  CALTANSGTYQ...RF  11  10 
$532-8"  S1(Kl13)  1.1  CAARINSGTY0...RF  11  2 
$518-5  $1 (K113)  10.3  CAI  KDRGSALGRL. HF  15  6 
$I01-I*  SI(K113)  15  CAASRDTGYQNF.. TF  41  2 
CASSGGGAGNTL..YF  1.3 
CASSGGGSGNTL..YF  1.3 
CASSLARTDYAEQ.FF  2.1 
CASSQAGRGAEQ..FF  2.1 
CASSPPRDRGIEQ.YF  2.7 
CASSDRDKNTL...YF  2.4 
CASSDRGGERL...FF  1.4 
CASSQEGGGRAQNTLYF  2.4 
CASSQRLGSYEQ..YF  2.7 
CASGLTANSDY...TF  1.2 
CASSFKQPQNTEV.FF  1.1 
CASSTGGARNTQ..YF  2.5 
CSADRVSYNSPL..YF  1.6 
CASSSQGAEV ....  FF  I.i 
CSAWGAQQNTL...YF  2.4 
v  and J gene segments were sequenced and assigned to gene families as described in Table 1. Two functional c~ chain transcripts were detected in 
hybridomas $322-507, $630-62, and $324-228; the similarity of the va8/Jet47 rearrangements from hybridomas $322-507 and $630-62 suggests 
that these a  chains are used to generate specificity for SI(K113). The nucleotide and amino acid sequences of these hybridoma TCRs, along with 
those presented in Table I, are available from EMBL/GenBank/DDBJ  under accession numbers U21393-U21456, U21477-U21481, and M34194- 
M34219. 
* In addition to the reported a chain, a nonproductive a chain rearrangement was also detected from each of  these hybridomas (data not shown), al- 
lowing unambiguous assignment of  the cx chain used to generate specificity for SI(K113). 
each other by a single junctionally encoded residue.  Thus, 
the dominant Vod0/Ja47-V138.3/J131.3 clonotype that was 
isolated from non-Tg mice was not isolated among hybri- 
domas  from  HA  Tg  mice.  Since  the  S1(K113)-specific 
TCRs from HA Tg mice are at least 1,000-fold more reac- 
tive  with  $1(Kl13)  than  with  PR8  $1  (Fig.  1  B),  these 
changes  modified  the  specificity  of TCRs  expressing  the 
V138.3/Gly-Ala-Gly/J131.3 13 chain and allowed T  cells  ex- 
pressing  these  TCRs  to  evade  negative  selection  by  the 
neo-selfPR8 $1 peptide. 
Consistent  with  the  failure  to  isolate  hybridomas  ex- 
pressing the Vod0/Jct47-v138.3/Jt31.3  clonotype from HA 
Tg  mice,  TCR-13  chains  corresponding  in  length  to  the 
V138.3/Gly-Ala-Gly/J131.3  rearrangement  (i.e.,  peak 3  re- 
arrangements)  were  not  induced  in  LNC  from  HA  Tg 
mice that had been immunized with PR8 (Fig. 2 E) or SW 
virus  (data not shown).  In addition,  we have not observed 
induction  of the  peak 2  rearrangement  that would corre- 
spond to the  longer V138.3/Gly-Ala-Gly/J131.3 rearrange- 
ment  in  LNC  from  SW  virus-immunized  HA  Tg  mice 
(data not shown).  As indicated by the  relative  frequencies 
of hybridomas from HA Tg and  non-Tg mice,  however, 
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Sl(Kll3)-specific  TCRs  containing V138.3/Gly-Ala-Gly/ 
J131.3  rearrangements are relatively rare in HA Tg mice. In 
this  regard,  it  is  noteworthy that  coordinate  changes,  i.e., 
both longer 13 chain junctional  sequences and pairwise  as- 
sociation with a Vot8.3/Jot40 combination,  appeared to be 
necessary to alter this TCR  sufficiently to allow it to evade 
negative  selection.  For  example,  TCRs  using  the  longer 
VI38.3/JI31.3 13 chain in association with Vot10/J0~47 were 
not isolated, despite the high frequency of TCRs using this 
gene  segment  combination  among  SI(Kll3)-  and  PR8 
Sl-specific  TCRs  from non-Tg mice.  Simple  changes in 
the 0~ and  13 chain junctional  sequences might not be able 
to sufl]cienfly modify the specificity of these TCRs away from 
reactivity with PR8 S1, even though changes in junctional 
amino  acid sequences  can substantially  alter  the  specificity 
with which peripheral  TCRs react with peptide analogues 
(18,  20, 21).  This may be because the VoUO/Jot47-V138.3/ 
J131.3  combination has limited  adaptability  and  cannot be 
modified by junctional  variation  to  generate  a  TCR  that 
reacts  with  SI(Kll3)  but  does  not  cross-react  with  PR8 
S1.  Alternatively,  because  the  signaling  threshold  that  di- 
rects negative selection of TCRs by self peptides may differ from that necessary to activate peripheral  T  cells  (50,  51), 
substantial  structural  changes may be  necessary to allow  a 
TCR  to evade negative selection by a self peptide.  By this 
model, junctional  variation  might  be  able  to  modify  the 
specificity with which peripheral T  cells  recognize PR8 $1 
and  $1(Kl13).  However,  greater  modifications  may  be 
necessary to alter reactivity with PR8 $1 sufficiently to pre- 
vent  negative  selection  of developing  thymocytes in  HA 
Tg mice. 
With respect to the genetic basis  for the negative selec- 
tion of self-reactive TCRs by selfpeptides,  the other signif- 
icant finding lies  in the diversity of the TCRs used by HA 
Tg  mice  in  response  to  $1(Kl13):  14  out  of 15  of these 
TCRs expressed unique combinations of Vix, Jot, V[3,  and 
J[3  gene  segments.  We  had  previously postulated  that  the 
degree of similarity with self antigens might limit the struc- 
tural diversity of T  cell responses to antigens that are close 
homologues  of self  peptides,  based  on  the  finding  that 
TCRs induced in response to PR8  $1  used a much more 
diverse array of gene segments than had been reported for 
TCRs induced in response to homologues of self antigens 
(22).  Similar conclusions have been reached by others (29), 
based on the highly diverse repertoire of TCRs specific for 
an H-2K&restricted  foreign determinant  from Plasmodium 
berghei (23)  and the limited TCR  repertoire  in response to 
an HLA-Cw3 determinant,  which is a close homologue of 
a  putative  self determinant  and  is  restricted  by  the  same 
MHC  molecule  (52).  In the current study, the diversity of 
the Sl(K113)-specific TCRs in HA Tg mice, despite nega- 
tive selection of TCRs that  can cross-react with the  neo- 
selfPR8 $1, clearly indicates that homology with selfpeptides 
need not limit  the  structural  diversity  of T  cell responses. 
Indeed,  because  of the  dominance  of  the  V0d0/Jot47- 
V[38.3/J[31.3  combination  among Sl-specific  TCRs  from 
non-Tg mice,  the  Sl(K113)-specific  TCRs  from HA Tg 
mice were  actually more  diverse  with  respect  to  V  and J 
gene segment usage than those from non-Tg mice.  Instead 
of tolerance limiting the diversity of some T  cell responses, 
the results here suggest that structurally restricted T  cell re- 
sponses arise when the peripheral T  cell repertoire contains 
V  gene combinations that are well suited to recognize cer- 
tain  peptide-MHC  complex(es),  perhaps  because  of  an 
ability  to adopt  orientations  that  favor interactions  with  a 
particular  complex(es).  If these  germline  gene  combina- 
tions are not available  (as occurred in HA Tg mice due to 
negative  selection  of Vti10/J0~47-V[38.3/J[31.3  T  cells),  a 
more diverse repertoire of TCRs can be induced. 
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